Persistent protease-activated receptor 4 signaling mediates thrombin-induced microglial activation.
We have previously reported that thrombin, the ultimate serine protease in the coagulation cascades, is a proinflammatory agent that causes proliferation and activation of brain microglial cells. However, participation of its principal receptor, the protease-activated receptor 1 (PAR1) appears to be limited to promoting microglial proliferation and not induction of inflammatory mediators. In the present study, we now report that thrombin action in promoting inflammatory mediators from brain microglia is mediated through another thrombin receptor, PAR4. Here we show that the PAR4 agonist peptide (PAR4AP, GYPGKF), but not the PAR1AP (TRAP, SFLLRN), induced tumor necrosis factor-alpha (TNF-alpha) production not only in cultured murine microglial cells in vitro but also in rat cortex in vivo. Down-regulation of PAR4 expression in microglial cultures by a specific antisense, but not a sense, oligonucleotide reduced PAR4AP-induced TNF-alpha. Mechanistic studies indicated that, in comparison with PAR1 signaling, prolonged increase of [Ca2+]i and phosphorylation of p44/42 mitogen-activated protein kinases, as well as NFkappaB activation may be responsible for PAR4AP-induced TNF-alpha production in microglia. Taken together, these results demonstrate that PAR4 activation mediates the potentially detrimental effects of thrombin on microglia, implying that perspectives of exploiting PAR1 as a potential anti-inflammatory target should be shifted toward PAR4 as a much more specific therapeutic target in brain inflammatory conditions associated with neurotrauma and neurodegenerations.